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Clinical Somatosensory Evoked Potential
Ryoo, Jae Kwan, RP.T.MP.H. Kim, Jong Soon, RP.T
Dept. of Rehabilitation Medicine, Maryknoll Hospital
— ABSTRACT —

Evoked potentials(EP) are defined as electric responses of the nerves system to sensory
stimulation. EPs are used mainly to test conduction in the visual, auditory, and somatosensory
systems, especially in the central parts of these systems. Somatosensory evoked potentials
(SEP) are the potentials elicited by stimulation of peripheral nerves and recorded at various
sites along the sensory pathway. SEPs types consist mainly of SEPs to electric stimulation of
arm or leg nerves. SEPs to arm stimulation are usually recorded simultaneously from clavicu-
lar, cervical, and scalp electrodes ; SEPs to leg stimulation are recorded from lumbar, low tho-
racic, and scalp electrodes. Subject variables that have practical impotance are age, limb
length, body height, and temperature. General clinical interpretation of abnormal SEPs wave
decreases of peripheral conduction time, and abolition of SEPs recorded from different levels
to identify lesions of peripheral nerves, plexus, nerve root, spinal cord, cauda equina, hemi-

spheric brainstem, and cerebral parts of the somatosensory pathway.

Key Words . Evoked Potential(EP}, Somatosensory Evoked Potential{ SEP), Conduction time,
Somatosensory pathway
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Fig. 1 Pathway for the somatosensory evoked po-
tential(SEP). Peripherally the SEP is mediated by
large la sensory fibers and centrally by the
dorsalcolumn —medial leminiscal system.
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Fig. 2 Schematic diagram of normal SEPs to arm stimulation tracing, from bottom to top, show clavic-
ular SEP(Erb’s potential point, N9), cervical SEP(N13), far—fields SEP recorded between scalp and
noncephalic reference electrodes, and scalp SEP recorded between scalp and cephalic reference elec-

trodes(N20), Negativity at the electrodes connected with a solid line in the diagram at the left is plot-
ted upward.
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Fig. 3 Schematic diagram of normal SEPs to stimulation of the posterior tibial nerve at the ankle.
Tracings, from bottom to top, show popliteal fossa potential, lumbar and low thoracic spinal potentials,
and scalp SEP. Negativity at the electrodes connected with a solid line in the diagram at the left in

plotted upward.

@ WE A (filtering) | #2AA=E 2k WX
2ol Huh} 71 AREL AASA ohst
TE Yoluy)zh BASSTET 2gA ol
AREL AAGT FLAYVE PFH 87
AN WE o] Wasith A7 fud
ol ALgHE HEPE AA B2 UE 5 o
=o 10Hzo 4 3KHzE Egsh= We 9
o) WE| Y 300 Hzell N 2KHzE T8 &
& Wee WeYol Yok AYTA HUAY

HAAMA] 2% AT 71 E 7FA &= short laten-

cy(Z& =% o 25msec 71|He] latency st
tgel & A=% o 45 msec v THe] latency)' &
71837 fale He Wl Zego] A

3 glopaen
HEY M2 rUde

A vIEe JleAd BAAES WA

FeA M= HFAE AFe A HFH
A EAss N9t A 27 FRoAM wAste

N133# %t & diHzt g Z8(C3 or C4')q
A ogAskE N20, 28jn 34 AAe A3
e BF aFFAA TAsE LN1(N20) 3}
Wz g d oA HAs= PI(P3T) 59
Zt 37t dehuA gAY 7 gt #HE)gE #
& H 2} (standard deviation ; SD) 2.5 o4 <
4 ook N9# Ni3gte] #87]9 = ¢ Ni3
I N20ste] x ze]ls LN1(N20)3 P1(P37)
sto] ZE79 A7F 258D ol dAxtd wee
® oS3 mEste] WEol 50 % ol4be] 7

—- 913 -



A %) & 2 (hypothermia ) 7550

A2 2 7 EAF Alolo #EH A A
o] ¥ele] ¥ 4 Utk N9o| shdo] £AEE=
ASex F4AQ N13z N203e 8L A
4& ougr} N99 Mgur N133} N209] A
A EE A AL ANA EBe Agad

[s]

Z(brichial plexus)¢] ‘ﬁ‘ﬁg AN & # 9l
o NOFE A Z71¢F N13# NZOA TYE
Al Fote ASddAM Tz
A BYAHA FF AxAY %"‘53"’ gzl
TE AZFFe ¥t NI—NI3 HZ A
Z7tet &4 AA4AEQ N13e) AZy wmoF A
Aryel @M AzLn e A
NI3—-N20d =28 28 4 A%EF A7
9} 32 dg(lower medulla) olzje] &£A&
o4 & 4 U3 Ni13zte] x42k N2ome] 4
H Ee AL JENAEEF J5e &5 @*’F
ola) T IR Ay &A% QA & F
N13—-N20 %—%‘- Az e Frtek $A 72-}%2:1?1
N9~N13 FFHZAIS} F4H] T2IAEER
€ N Ase &5 dg RS Adz4 9
AEZZE 9 F ofeie] &£4E AN &
N20 447 Z4A<d N9—NI13 A
JAQ YRAEETE JRE AS
e ARG 94 2 A4
2E 44 8 T
=

O

o
o r\r

>
to
N U Y

L o>'

3

3

S
-
-
L
lo,

oo Wl orlr WAy g

me o)
B o
2L
f
I
L
Lo
i

> 1..).

e
by
>
N oX.
- 8
v e
o
o o o
r>
o

— o

e wo
[l
ox
2L
44
>

RE )&
e ASdz ZFA7E AAAS w3
Az &8 X}:"o]‘«} 245719k A
sAH A8 2
Aol %‘?_101 g deovy
FolA 7 gge] FEA FUHY A
£Z3 AFH JNEAF Atolel FE
° 4 9ok LN1 A9
A9zt dehde 3
4 glew LN1s @
cauda equina o}zj ¢

07-}2}-4 3 3]"1‘

cauda equinaiti-9} A

© AR AHA] HEg 44 & + Uk
F2AEEE Fadd FFAEEE a3
9 cauda equinaiti-o} ¥ WY e
cauda equina E& 3tE H4 2 shiol HH
& 44 ¥ F A
B

59 FE5 ﬂ%ﬂ%%
gol ol 8= FAtolth mapA ZxAUF A
®, HLEd, AFHF5A A HeF, {3,
AR A=A &4 HES, FF R o
A A3 A ABSHY slsH dF @
A Tl ol&HI Ak EI HF oA
34" Z3e wRFeAd FRode A%

A A5 EAoly HEE oste A
%}’ili gg_o] 7]‘:}}3‘1‘ 0103%12.2!,44.45.46‘49) A]
A fAsted 4Lz, b, ofu L,
aotat, vhaw, A@elshd, v, P

SolA ZhA o)l88 £ 2}1;].'84355)
dFdellM FEEA HAY 8 WHES F2
9ol 54T HYPol Uete Z¥FH AL ey
Aol FEAYG FRAF, AEL BYE
A9 §5& @gsn Uch 2y old
WE, FEA|, FEAA, Hgo] moFo] HAM
vit} HAb7] 7189 #}ol, recording parameter

o £YA, AR 284 UE FAMHY

-~ 914 —



o Aol 2eln s dtel Hol(dg gl A4
st B AYe| Ao]) Foz st 22
o BAACl el FEE A48 fzoe

dedE A Brbsstn AAe AR4E A
sate Pelolth. qejoz Zztel PaAe

HAME gl $AM AAME sty 23 A
A gEo] MagElojol & Aoz A8 "},

ooz AHE AAEY 423t FEHSY
o #4dE& Z1&ole AVt 57 viety Y4
oA A BAY &4 =, Ngade vn
H7b Soll AuAA BrizF2A K44 &
€ SHARAE v

FEd

37, 29{ 82 865—873, 1986.

2. Abbruzzese G, Abbruzzese M & Cocite L,
et al ! Conduction time of the lemniscal
pathway in male and female. Acta Neurol
Scand, 92 : 132—138, 1980.

3. Abramson DI, Hlavova A & Rickert B, et
al : Effect of ischemia on median and ulnar
motor nerve conduction velocities at various
temperatures. Arch Phys Med Rehahil, 51 :
463—470, 1970.

4. Anziska B & Cracco RQ : Short latency
somatosensory evoked potential in patients
with focal lesions of the nervous system.
Electroenceph Clin Neurophysiol, 49 : 227 —
237, 1980.

5. Blair AW ! Sensory examinations using
electrically induced somatosensory poten-
tials. Dev Med Child Neurol, 13 : 447 — 455,
1971.

6. Braddom RL & Johnson EW : Standardiza-
tion of H reflex and diagnostic use in S1
radiculopathy. Arch Phys Med Rehabil, 55
1161166, 1974.

10.

11.

12.

13.

14.

15.

16.

17.

- 915 -

. Brazier MAB : Pioneers in the discovery of

evoked potential. Electroencepha Clin Neu-
rophysiol, 59 : 2—8, 1984.

. Chiappa KH & Ropper AH : Evoked poten-

tials in clinical medicine. New England J.
Med, 306 : 11401148, 1205—1210, 1982.

. Chu NS : Soematosensory evoked potentials

correlations with height. Electroencephalogr
Clin Neurophysiol, 65 : 169—176, 1986.
Cole JL,, Pavo AP, Goldberg G & Spielholz
NL : Central nervous system electrophysi-
ology. In Delisa J.A.(ed) : Rehabilitation
medicine ! Principles and practice, J.B
Lippincott, Philadelphia, : 228 —256. 1988.
Cracco RQ & Cracco JB . Somatosensory
evoked potential iIn man | Far field poten-
tials. Electroenceph Clin Neurophysiol, 41 :
460—466, 1976.

Croft JT, Brodkey JS & Nulson FF : Re-
versible spinal cord trauma . A model for
electrical monitoring of spinal cord function.
J Neurosurg, 36 : 402—406, 1972.

Dawson GD : A summation for detection of
small evoked potentials. Electroenceph Clin
Neurophysiol 6 : 65—84,1954.

Dawson GD : A summation technique for
detecting small signals in a large irregu-
lar background. J Physiol(Lond), 115 : 2
—3, 1951,

Dawson GD : Cerebral responses to nerve
stimulation in man. Br Med Bull, 6 : 326,
1950.

Dawson GD : Cerebral response to electri-
cal stimulation of peripheral nerve in
man. J Neurol Neurosurg Psychiatry, 10
$134—-140, 1947.

Desmedt JE, Cheron G : Central somato-
sensory conduction in man : Neural gene-
rators and interpeak latencies of the far
field components recorded from neck and



18.

19.

20.

21.

23.

24.

25.

26.

right or left scalp and ear lobes. Elen-
troenceph Clin Neurophysiol, 50 : 382
403, 1980.

Eisen A . The somatosensory evoked po-
tential : Recording techniqgue and applica-
tion, In Goodgold J(ed) . Rehabilitation
medicine, Mosby saint louis, 26 —44, 1988.
Eisen A : The use of somatosensory evoked
potentials for the evaluation of the peripher-
al nervous system. Neurol Clin, 6 : 825.
1988.

Eisen A & Aminoff MJ ; Somatosensory e-
voked potential, In Aminoff MJ(ed) : Elec-
trodiagnosis in clinical neurology, Churchill
Livingstone, Edinburgh, 535—573, 1986.
Engler LL, Spielhorz NI, Bernhard WN,
Dansiger F Merkin & Wolf T : Somatosen-
sory evoked potential during Harrington in-
strumentation for scoliosis. J Bone surg
60(A), 528—-532, 1978.

. Gibin DR : Somatosensory evoked poten-

tials in health subject and in patients
with lesions of the nervous system. Ann
N.Y Acad Sci, 112 : 93—142, 1982.
Goodgold J & Eberstein A : Electrodiag-
nosis of neuromuscular disease. Wilhams
& Wilkins Co, 601228, 1977.

Goodridge A, Eisen A & Hoirch M : Pa-
raspinal stimulation to elicit somatosensory
evoked potentials ; an approach to physio-
logical localization of spinal lesions. Elec-
troenceph Clin Neurophysiol, 68 : 265, 1987.
Halar EM, Delisa JA & Brozovich FV :
Nerve conduction velocity . Relationship of
skin, subcutaneous, and Intramuscular
temperatures. Arch Phys Med Rehabil, 61
: 199—203. 1980.

Halliday AM : Evoked brain potential :
How far have we come since 1875, In

Barber C(ed) : Evoked potential, MTP,

— 916 —

27.

28.

29.

30.

3L

32.

33.

34.

35.

1980.

Halliday AM & Wakefield GS" Cerebral
evoked potential in patients with dissociat-
ed sensory loss. J Neurol Neurosurg Psy-
chiatry, 26 : 211—219, 1963.

Hashimoto I, Yoshikawa K & Sasaki M :
Latencies of peripheral nerve and cerebral
evoked responses to air puff and electri-
cal stimui. Muscle nerve, 13 : 1099 —1104,
1990.

Jeffrey HO & Hallowell
sory EPs. Evoked potential testing. Grune
& Stratton. INC, 1985.

Jones SJ : Investigation of brachial plexus

D . Somatosen-

traction lesions by peripheral and spinal
somatosensory evoked potential. J Neurol
Neurosurg Psychiatry, 42 : 107—116, 1979.
Kagigi R & Jones SJ ! Effects on median
nerve SEPs of tactile stimulation applied
to adjacent and remote areas of the body
surface. Electroenceph Clin Neurophysiol,
62 . 252 —265, 1985.

Kimura J : F wave velocity in the central
segment of the median and ulnar nerves
: A study in normal subjects and in pa-
tients with Charcot—Marie—Tooth disease.
Neurology, 24 : 539—546, 1974.

Kimura J, Basch P & Linsay GM:F
wave conduction velocity in the cerebral
segment of the peroneal and tibial nerves.
Arch Phys Med Rehabil, 56 :492-497,
1975.

Kraff GH : Somatosensory evoked poten-
tials from upper extremity nerve stimula-
tion normal data, Stimulation recording
techniques. From proceedings of 23rd an-
nual clinical meeting, Northwest Associa-
tion of physical medicine & Rehabilita-
tion, Seattle, 1986. 9.

Larson SJ, Sances A, & Christenson PC !



36.

37.

38.

39.

40.

41.

42.

43.

44,

Evoked somatosensory potentials in man.
Arch Neurol, 15 1 8893, 1966.

Lastimosa ACB, Bass NH, Stanback K &
Norvell EE . Lumbar spinal cord and early
cortical evoked potentials after tibial nerve
stimulation ; Effects of stature on norma-
tive data. Electroenceph Clin Neurophysiol,
54 : 499507, 1982.

Leandri M, Parodi CI & Favale E . Norma-
tive data on scalp responses evoked by inf-
raorbital nerve stimulation. Electroenceph
Clin Neurophysiol, 71 : 415, 1988.

Luders H : General principles of somato-
sensory evoked potential recording, Hand-
out of lectures in electrodiagnosis, Univer-
sity of Washington, 1986.

Markand ON, Warren C, Malik GS, King
RD, Brown JW & Mahomed Y : Effects
of hypothermia on short latency soma-
tosensory evoked potentials in humans.
Electroenceph Clin Neurophysiol, 77 : 416
—424, 1990.

Mauguiere F, Desmott JE & Courjon J !
Neural generators of N18 and P14 far-
field somatosensory evoked potential stud-
ies in patients with lesion of thalamic or
thlamo -cortical radiation. Electroenceph
Clin Neurophysiol, 56 . 283—293, 1983.
Mauguiere F & Courjon J: The orgin of
short—latency somatosensory evoked po-
tential in human. Ann Neurolory, 9 . 607
—-611, 1980.

Monar GE : Pediatric rehabilitation, 2nd
ed, Wiliam & Wilkins Co, 1992,

Namerow NS ! Somatosensory evoked res-
ponses in multiple sclerosis patients with
varying sensory loss. Neurology, 18 ; 1197
—1204, 1968.

Nash CL Jr, Brodkey JS & Croft TJ: A

model for electrical monitoring of spinal

- 917 -

45.

46.

47,

48.

49.

50.

51.

52.

53.

54.

cord function in scoliosis patients under-
going correction. In proceedings of the
scoliosis research society. J Bone Joint
surg, 54— A [ 197198, 1972.

Nash CL Jr, Schatzinger L. & Long R :
Intraoperative monitoring of spinal cord
function during scolicsis spine surgery. J
Bone Joint surg, 56 —A © 1765 Dec 1974.
Nash CL Jr, Lorig RA, Schatzinger LA &
Brown RH : Spinal cord monitoring dur-
ing operative treatment of the spine. Clin
Orthop, 126 : 100—105, 1977.

Oh shin J ! Clinical electromyography nerve
conduction studies ; Somato —sensory evo-
ked potential in peripheral nerve lesion. Wil-
liams & Wilkins Co. 447478, 1992.

Oh shin J: Cerebral evoked potentials ;
Their clinical application. Alabama J Med
Sei, 17 1 308 —314, 1980.
Perot PL Jr: The clinical
tosensory evoked potentials in spinal cord
injury. Clin Neurophysiol, 20 : 367 —382,
1973.

Ramer S ! Evoked Potential primer ; Soma-

use of soma-

tosensory evoked potential. Butterworth
Publishers, 278 —364, 1985,
Russ W, Sticher J, Scheld H &

Hempelmann G : Effects of hypothermia of
somato—sensory evoked responses in man.
Br J Anesth, 59 [ 14841491, 1987.
Sitzolou K, Fotiou F, Tsisopolous P &
Vidalis A . Central somatosensory conduc-
childhood.
Electromyogr Chn Neurophysiol, 27 : 223~
228, 1987.

Slimp JS ; Dermatomal somatosensory e-

tion time from infancy to

voked potential ; Cervical, thoracic and
lumbosacral levels. Electroenceph Clin Neu-
rophysiol, 84 1 55—70, 1992.

Starr A : Sensory evoked potential in clini-



55.

56.

57.

cal disorders of the nervous system. Ann
Rev Neurosci, 1 : 103—127, 1978.

Stockard JJ & Iragui VJ : Clinically useful
applications of evoked poten-—tials in adult
neurology. J Clin Neurophysiol, 1 : 159—
202, 1984.

Symon L : Central conduction time as an
index of ischemia in subarach hemorrhage.
J Neurol Sci, 44 : 95—103, 1979.

Tsuji S, Shibaski H & Koto M, et al : Sub-
cortical, Thalamic and cortical somatosen-
sory evoked potential to median nerve stim-
ulation. Electroenceph Clin Neurophysiol, 59
1 465—476, 1984,

58.

59.

60.

- 918 —

Wang J, Cohen LG & Hallett M ; Scalp to-
pography of somatosensory evoked poten-
tials following electrical stimulation of fem-
oral nerve. Electroenceph Clin Neurophysiol,
74 . 112, 1989.

Wiederholt WC & Iragui—Madoz VJ . Far-
field somatosensory potentials in the Rat.
Electroenceph Clin Neurophysiol, 42 : 456 —
465, 1977.

Willis J, Duncan MC, Bell R, Pappas FF &
Moniz M : Somatosensory evoked potentials
predict neuro motor outcome after peri-
venticular hemorrhage. Dev Med Chil
Neurol, 31 : 435—439, 1989.



